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© Nucleic acid encoding TGF-oeta and its uses. 



@ Nucieic acid encoding TGF-£ has been isolated 
and cloned into vectors which are replicated in bac- 
teria and expressed in eukaryotic cells. TGF-jS is 
recovered from transformed cultures for use in 
known therapeutic modalities. The labelled nucieic 
acid is useful in diagnosis. 
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NUCLEIC ACID ENCODING TGF-£ AND ITS USES 



Peptides which can induce the reversible 
phenotypic transformation of marnmaiian cells in 
culture have been given the name transforming 
growth factor (TGF) 1 ' 2 . Type a TGF competes with 
epidermal growth factor (EGF) for binding to the 5 
same cell surface receptor 3 . A 50 amino acid TGF- 
cr species has been purified and shown to share 
sequence homology with EGF*. TGF-a is synthe- 
sized by various transformed ceii lines, but its 
synthesis has not yet been demonstrated in normal 10 
tissue of nonembryonic origin 3 ' 5 ' 6 . The 50 amino 
acid TGF-a is initially synthesized as part of a 160 
amino acid precursor molecule which undergoes N- 
and C-terminal proteolytic processing to yield the 
mature peptide 7 ' 8 . The detection of TGF-a species 75 
with apparently higher molecular weights 1 ' 2 ' 9 might 
be due to variable processing of the 160 amino 
acid precursor. 

Type $ TGF activity has been isolated from 
tumor ceils as well as many normal tissues 10 ' 11 , 20 
including kidney 12 , placenta 13 and blood 
platelets 14 ' 15 . TGF-0 is present in platelets, which 
also contain platelet-derived growth factor (PDGF) 
and an EGF-Iike peptide 1 *. Bovine TGF-jS has been 
demonstrated to accelerate wound healing in rats 17 . 25 
Treatment of NRK fibroblasts with TGF-£ does, 
however, result in an increase in the number of 
membrane receptors for EGF 20 . This observation is 
in agreement with the known abifrty of TGF-/S to 
greatly potentiate the activity of EGF and TGF-a on 30 
these cells 10 '". Moreover, TGF-/S atone can induce 
AKR-2B fibroblasts to form colonies in soft agar 21 . 
The elevated levels of TGF-0 secreted by some 
transformed cells 22 suggest that this growth regula- 
tor could play a role in malignant transformation. 35 

In addition to its ability to stimulate cell prolif- 
eration, TGF-jS has recently been demonstrated to 
inhibit the anchorage-dependent growth of a variety 
of human cancer cell lines 13 . It is now thought that 
TGF-/S may be identical or very similar to a growth aq 
inhibitor isolated from African green monkey (BSC- 
1) cells 2 *. Whether TGF-a acts to stimulate or in- 
hibit the growth of a particular cell type line ap- 
pears to depend on many variables, including the 
physiological condition of the cell and the presence 45 
of additional growth factors. 

Bovine TGF-jS has been purified to sequen- 
ceable grade. The first 15 amino-terminai residues 
of the mature protein were found to be Ala-Leu- 
Asp-Thr-Asn-Tyr-CMC-Phe-Ser-Ser-Thr-Gly-Lys- so 
Asn-CMC-, wherein CMC is S-carboxymethyi 
cysteine representing cysteine or half-cystine resi- 
dues. 



Human TGF-£ from human placenta and plate- 
lets has been purified to the same degree. Pla- 
centa TGF-£ was reported to have the following 
amino terminal sequence: 

Aia-Leu'Asp-Thr-Asn-Tyr-CMC-Phe-(Ser-Ser)-Thr- 
Glu-Ly^-Asn-CMC-Val-X-GIn-Leu-Tyr-lle-Asp-Phe- 
X-{Lys)-Asp-Leu-Giy-, wherein X was undetermined 
and CMC is as defined above. Platelet TGF-jS was 
reported as the amino terminal sequence Ala-Leu- 
Asp-Thr-Asn-Tyr-X-Phe-Ser-, wherein CMC and X 
are as defined above. 

Human TGF-/3 was reported to be composed 
of two polypeptide chains of very similar molecular 
weight (M r = 12,500) which are maintained in cova- 
lent association by disulfide bonds. The disulfide 
bonds were considered likely to play an important 
role in conferring structure on the TGF-£ molecule. 

A method for making TGF-0 is required that 
dispenses with the need for biological materials 
from humans as a starting material. This will contri- 
bute significantly to assurances that no infectious 
contaminants, e.g. HTLV-III or hepatitis viruses are 
able to enter the product preparation stream. Re- 
combinant synthesis of TGF-£ would accomplish 
this objective. However, in order to do so, nucleic 
acid encoding TGF-£ is needed for the preparation 
of vectors to be used in such recombinant synthe- 
sis of TGF-£. Such nucleic acid also is needed for 
the diagnosis of TGF-£ messenger and genomic 
DNA in tissue samples. 

SUMMARY . 

In accordance with this invention, the foregoing 
objects are achieved by a method comprising (a) 
constructing a vector which includes nucleic acid 
encoding TGF-£ (b) transforming a heterologous 
host eukaryotic ceii with the vector, (c) culturing the 
transformed cell, and (d) recovering TGF-0 from 
the culture. 

Nucleic acid that encodes TGF-£ is provided 
herein. It is useful in constructing the above vec- 
tors. This nucleic acid or a nucleic acid capable of 
hybridizing therewith also is labelled and used in 
diagnostic assays for DNA or mRNA encoding 
TGF-£ or related proteins. 

The preparation of TGF~£ derivatives by re- 
combinant methods is made possible by knowl- 
edge of the TGF-jff coding sequence disclosed 
herein. These derivatives include silent and ex- 
pressed mutants in the nucleic acid encoding TGF- 
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Silent mutants involve the substitution of one 
degenerate codon for another where both codons 
code for the same amino acid, but which substitu- 
tion couid exert a salutory effect on TGF-£ yield in 
recombinant culture, e.g. by modifying in the sec- 
ondary structure of TGF-£ rnRNA, and which salu- 
tory substitution is identified by screening TGF-0 
yields from transformants. 

Expressed TGF-£ mutants fall into one or more 
of three, classes: Deletions, substitutions or inser- 
tions. Deletions are characterized by the elimina- 
tion of amino acid residues without the insertion of 
a replacement j*esidue. Deletion-mutated TGF-# 
DNA is useful in making TGF-£ fragments, for 
example where it is desired to delete an immune 
epitope. 

Substitution mutations are those in which one 
amino acid residue has been replaced by another. 
Such mutations are extremely difficult to make by 
methods other than recombinant synthesis, espe- 
cially substitutions targeted for the interior of the 
primary amino acid sequence. They are useful in 
modifying the biological activity of TGF-jS. 

Insertionaf mutants are those in which one or 
more residues are placed into or at either end of 
the TGF-£ nucleic acid. Fusions typically are a 
species of insertional mutant in which the insertion 
occurs at the carboxyl or amino terminal residues 
of TGF-£. TGF-0 fusions with bacterial or other 
immunogenic proteins are useful for raising anti- 
bodies against TGF-£ or its predetermined frag- 
ments, 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1a is a schematic diagram of the TGF-/S 
rnRNA showing the boxed coding sequence. 
The 112 amino acid TGF-£ (dashed) is en- 
coded by the 3* end of the coding sequence. 
The sequenced cDNA inserts of \jSC1, 3.19, 
3.32, 4.10, 4.33, 4.37 and 5.7b (described 
infra) and the genomic DNA sequence for 
the 3' untranslated region are aligned above 
the diagram. 

Fig. 1b depicts the sequence and deduced 
amino acid sequence of the preTGF-jS 
cDNA, determined from the several overlap- 
ping cDNAs and the genomic 3' region. The 
5' terminal region which couid be folded into 
stable hairpin loops is underlined. The 5' 
proximal ATG which does not function as 
initiator codon and the stop codon 19 triplets 
downstream are boxed. The preTGF-£ cDNA 
encodes a 354 amino acid protein, of which 



the C-terminal 112 amino acids (boxed) en- 
code mature TGF-£. An underlined Arg-Arg 
dipeptide precedes the proteolytic cleavage 
site for release of TGF-£. Three potential N- 

5 glycosylation sites in preTGF-£ are over- 

iined. The stop codon is followed by the 
underlined G-C rich sequence and a down- 
stream TATA-like sequence. The AATAAA 
polyadenyiation signal and TTCAGGCC se- 

io quence preceding the putative polyadenyia- 

tion site are also underlined. 

Fig. 2 depicts a genomic fragment encoding 
a TGF-jS exon and its deduced amino acid 
75 sequence. Arrows show the rnRNA process- 

ing sites (intron-exon junctions). The residue 
numbers correspond to Fig. 1b. 

DETAILED DESCRIPTION 

20 

TGF-£ has proven to be extremely difficult to 
synthesize in recombinant cell culture while retain- 
ing its growth-promoting activity. As can be seen 
from Fig. 1 the mature TGF-/S amino acid se- 

25 quence contains a large number of cysteine resi- 
dues (9), at least some of which apparently are 
involved in interchain crosslinking in forming the 
homodimeric TGF-0 which is recovered from natu- 
ral sources. Furthermore, TGF-/S is expressed as a 

3Q precursor molecule having a large amino terminal 
region not containing the recognizable NH 2 -terminal 
signal peptide sequence typical of most secreted 
proteins, even though TGF-0 normally appears to 
some degree in the extracellular medium. Without 

35 limiting the disclosure herein to any particular the- 
ory, this ami no-terminal region may contain a plu- 
rality of transmembrane regions. However, we have 
been able to transform eukaryotic cells to express 
heterologous TGF-£, notwithstanding the anticipat- 

40 ed difficulty in properly processing the primary 
translation product in recombinant culture. 

This invention is directed to recombinant syn- 
thesis of TGF-/9, which is defined as inclusive of 
biologically active preTGF-£ having the Fig. 1b 

45 sequence, mature TGF-£ t polypeptide fragments 
thereof and insertion, substitution and/or deletion 
mutants of such preTGF-/3, mature TGF-jS or poly- 
peptide fragments. 

Biologically active TGF-^ is defined as being 

50 capable of inducing EGF-potentiated anchorage in- 
dependent growth of target cell lines 81 and/or 
growth inhibition of neoplastic cell lines 23 . Anchor- 
age independent growth refers to the ability of 
TGF-£ and EGF treated non-neoplastic target cells 

55 to form colonies in soft agar, a characteristic as- 
cribed to transformation of the cells (hence the 
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name transforming growth factor). This is not to 
say that TGF-£ wil! "cause" cancer because it is 
now known that many normal cells express TGF-£. 
Paradoxically, TGF-£ also is known to inhibit the 
growth of certain neoplastic cells such as A549. 

Biological activity for the purposes herein also 
generally includes the ability to cross-react with 
antisera raised against native TGF-£. Native TGF-£ 
is that which is obtained from platelets or other 
natural sources. 'Immunological cross-reactivity is a 
measure of a single active epitope and not nec- 
essarily of active TGF-£ domains involved in induc- 
ing anchorage-independent growth or target cells. 
However, immunologically cross-reactive proteins 
per se are not biologically active as defined herein 
unless they also exert growth-affecting activity. Of 
course, TGF-0 which is capable of inducing an- 
chorage independent growth frequently will exhibit 
immunological cross-reactivity with antisera raised 
against the native molecule as a corollary to main- 
tenance of proper conformation. 

The Fig. 1 nucleotide sequence was obtained 
by an analysis of several overlapping cDNAs and 
gene fragments, leading to the determination of a 
continuous sequence of 2439 base pairs corre- 
sponding to the TGF-jS precursor mRNA. An in- 
itiator ATG is located 952 nucleotides from the 5 r 
end and establishes a coding sequence of 1 T 062 
nucleotides, thus coding for a 354 amino acid long 
polypeptide. Several areas within the cDNA se- 
quence have an exceptionally high G-C content. 
The initiator ATG is flanked by two G-C rich areas 
of approximately 200 bp each. In addition, several 
regions of the cDNA r particularly the 5 T -terminus, 
have regions with greater than 80 percent G-C 
content The location of these G-C rich regions 
coincides with the areas in which the many cDNA 
cloning artifacts occurred and where partial length 
cDNAs were obtained. 

Several structural features favor the assignment 
of the ATG at position 953 as the start codon for 
preTGF-/5. First, the sequence context at this posi- 
tion is in reasonably agreement with the proposed 
initiation codon consensus sequence G/A 
CCATGG 35 . Second, even though this ATG is pre- 
ceded by an open reading frame for about 850 bp, 
no other ATG can be found in the same reading 
frame and an in-phase stop codon is present at 
position 85. Thirdly, computation of the most likely 
used reading frame, based upon the purine- 
pyrimidine distribution as described by Shepherd 36 , 
shows that the coding sequence starting from the 
initiator ATG is indeed the most probable reading 
frame, while preceding this ATG a different reading 
frame is selected as the most likely one. Fourth, 
this ATG is localized within a 40 nucleotide region 



of relatively low G-C content (-50 percent), which 
might favor accessibility to the ribosome, espe- 
cially since rt is localized within a larger G-C rich 
region. There is only a single other potential initi- 
s ation codon in the 5' untranslated sequence - 
(position 842). However, this ATG falls within a 
different reading frame, is followed 19 triplets later 
by a stop codon, and is located in a very G-C rich 
region. 

70 The 5 r untranslated region of the TGF-£ mRNA 

is at least 952 nucleotides long and contains a 61 
nucleotide long sequence (192 to 252) consisting 
almost exclusively of purines. The biological rel- 
evance of this exceptionally long 5 1 untranslated 
75 region of high G-C content is unknown, but it is 
similar to the structural organization of c-myc 
mRNA. However, there is no striking sequence 
homology between these two sequences. The long 
5 T untranslated region of c-myc has been hypoth- 
20 esized to have a functional significance 37 . The G-C 
rich S'-proximal part of the 5 f untranslated se- 
quence of human c-myc mRNA has several re- 
gions which could form stable hairpin loops. Like- 
wise, the first 120 bp of the untranslated preTGF-£ 
25 cDNA can theoretically be folded into hairpin loop 
structures with a calculated stability of -91 kcal. 
The long 5* untranslated sequence and the poten- 
tially stable hairpin loop structures could play a role 
in mRNA stability or in the regulation of trartscrip- 
30 tion. Accordingly, this region can be deleted and 
substituted for by other 5* untranslated sequences, 
e.g. from viral proteins, in order to identify struc- 
tures that may improve TGF-jS yields from recom- 
binant cell culture. 
35 The stop codon at residue 2015 is immediately 

followed by a remarkable, G-C rich sequence of 75 
nucleotides (Fig. 1b). This sequence consists of 
multiple- repeats of CCGCC and ends with 
GGGGGC. The peculiar nature of this sequence is 
40 probably responsible for the fact that the 3' untran- 
slated end of the mRNA could not be cloned as a 
cDNA sequence, perhaps due to the inability of the 
& coli DNA polymerase I to use this sequence as 
a template for the second strand cDNA synthesis. 
45 Repeat sequences of a similar nature have been 
found in the promoter regions of the genes for 
human dihydrofolate reductase, human transferrin 
receptor, human adenosine deaminase, and Her- 
pesvirus thymidine kinase 40 , in the latter case, 
50 McKnight et a[. w have shown that these structural 
elements are of major importance for the transcrip- 
tion efficiency. In addition, it has been shown that 
the promoter specific transcriptional factor Spl 
binds to such sequences in the SV40 early pro- 
se moter region and in a related monkey promoter* 1 ' 42 . 
In ail of these cases the G-C rich repeats are 
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followed closely by the Goidberg-Hogness TATA 
sequence. In the case of preTGF-jS, however, these 
sequences are located in the 3' untranslated region 
of the gene, but are interestingly also followed by a 
TATA-like sequence. No evidence that this region 
could function as a promoter is available. The 
preTGF-£ gene sequence has the hexanucleotide 
AATAAA about 500 nucleotides downstream from 
the stop codon. This sequence, which usually pre- 
cedes the site of poiyadenyfation by 11 to 30 
bases* 2 , probably functions as the preTGF-£ mRNA 
polyadenyiation signal, since this would be in 
agreement with the size of preTGF-£ mRNA es- 
timated from Northern hybridizations, and since 3' 
untranslated regions rarely contain intervening se- 
quences. Benoist et al.* 3 have proposed a consen- 
sus sequence TTCACTGC which follows the 
AATAAA closely and immediately precedes the 
polyA-tail. A similar sequence, TTCAGGCC, follows 
the AATAAA sequence in the 3' untranslated region 
of the preTGF-£ mRNA, providing further support 
for the assignment of the polyadenyiation site at 
position 2530 (Fig. 1 b). 

PreTGF-jS is a polypeptide of 354 amino acids 
(Fig. 1b). Comparison of this sequence with the 
previously determined NH 2 -terminus of mature 
TGF-0 shows that TGF-j8 constitutes the C-terminai 
112 amino acids of preTGF-£. The mature TGF-£ 
monomer is cleaved from the precursor at the Arg- 
Arg dipeptide immediately preceding the mature 
TGF-jS NH a -terminus. Similar proteolytic cleavage 
sites have been found in several other polypeptide 
precursor sequences, including 

preproenkephalin 44 ' 45 , the calcitonin precursor 46 , and 
corticotropin- jS-lipotropin precursor* 7 . Determination 
of the hydrophobicity profile by the method of Kyte 
and Doolittle 48 predicts that this Arg-Arg sequence 
is located within a hydrophiiic region which wouid 
make it accessible to a trypsin-like peptidase. Post- 
translational cleavage of the 354 amino acid pre- 
cursor gives rise to the mature TGF-£ monomer, 
The disposition of the presequence is not known 
but may give rise to other biologically active pep- 
tides. The TGF-£ precursor contains several pairs 
of basic residues (Fig. 1b) which could also un- 
dergo post-translation cleavage and give rise to 
separate polypeptide entities. However, mature 
TGF-£ contains two Arg-Lys dipeptides which ap- 
parently are not cleaved. As shown in Fig. 1b, 
preTGF-£ precursor contains three potential N- 
glycosyiation sites, Asn-X-Ser or Thr (49, Fig. 1b). 
None of these are localized within mature TGF-j3. 
Accordingly, a method is provided whereby mature 
TGF-jfi is purified free of glycoproteins by adsorb- 
ing the glycoproteins on immobilized lectins and 
eluting TGF-£ with the unadsorbed fraction. 
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The sequence for human TGF-/3 was deter- 
mined by direct amino acid sequence analysts and 
by deduction from the TGF-/S cDNA. The sequence 
of the different TGF-£ peptides obtained by 
s clostripain digestion is in agreement with the cDNA 
sequence, except for a few residues which presum- 
ably are due to incorrect amino acid assignment in 
sequencing. The 112 amino acid TGF-£ sequence 
contains 9 cysteines, whereas the rest of the pre- 
10 cursor contains only two (positions 187 and 189, 
Fig. 1b). Previous studies have shown that reduc- 
tion of the TGF-/9 dimer of 25 kd results in the 
generation of two polypeptide chains of 12.5 kd lS . 
Sequence analysis of the TGF-jS amino-terminus 
15 and of the TGF-/S peptides obtained after 
clostripain digestion strongly suggest that the TGF- 
& dimer consists of two identical polypeptides. This 
homodimeric nature is also supported by the pres- 
ence of only a single hybridizing DNA fragment 
20 upon Southern hybridization of human genomic 
DNA with a TGF-£ exon probe. Chou-Fasman ana- 
lysis 50 of the secondary structure shows that the 
TGF-£ polypeptide has an extensive /3-sheet char- 
acter with little, if any, a-helicity. The region imme-_ 
25 diately preceding the basic dipeptide cleavage site 
is likely in a a-helical configuration. 

A remarkable feature of the TGF-£ precursor is 
that it does not contain a recognizable NH 2 -terminai 
signal peptide sequence typical of most secreted 
30 proteins. The mechanism by which TGF-jS appears 
in the extracellular medium is unknown, but might 
be relatively inefficient since mature TGF-0 also 
can usually be found associated with the rodent or 
human cells. Nor is it understood how TGF-£ is 
35 stored inside platelets. Recently cDNA sequences 
coding for interleukin~1 st ' S2 and tumor necrosis fac- 
tor 53 have been determined. Although both appear 
in the extracellular medium, neither contain a typi- 
cal NH 2 -terminai signal peptide. 
40 One possible mechanism of TGF-£ release into 

the extracellular medium is by cleavage from the 
precursor anchored in *he membrane with the NH 2 - 
terminus in the cytoplasm and the TGF-/3 se- 
quence on the external side. Most proteins which 
45 extend across membranes a single time seem to 
have a transmembrane region of 20 to 23 un- 
charged, mostly hydrophobic residues. The single 
known exception is the T3 subunit of the T-cell 
receptor 54 which contains an Asp residue in the 
so transmembrane region. A similar hydrophobic do- 
main cannot be predicted from the deduced amino 
acid sequence of the TGF-/S precursor, making it 
unlikely that this protein has a single transmem- 
brane domain. 

55 
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It is conceivable, however, that the TGF-/3 pre- 
cursor is a protein with several transmembrane 
regions. Such proteins, e.g. rhodopsin 55 , the electric 
eel sodium channel protein 55 and the major intrinsic 
protein of the lens gap junctions 57 have their NH 2 - 
termini in the cytoplasm and contain multiple trans- 
membrane domains which do contain several 
charged residues, it is possible that some of these 
charges are neutralized due to the physical proxim- 
ity of residues with opposite charges, located in 
neighboring transmembrane regions. In most cases 
the transmembrane domains are flanked by 
charged residues, which are often positive on the 
cytoplasmic side and negative on the extracellular 
side. Comparison of these features with the TGF-£ 
sequence suggests the TGF-£ precursor may be- 
long to this class of membrane proteins, since it 
contains several potential transmembrane regions 
and several clusters of charged residues. We pro- 
pose that the NH 2 -terminai 21 amino acids, which 
are rich in positively charged residues are located 
on the cytoplasmic side of the first transmembrane 
region, which is possibly located between residues 
22 and 43. This domain is followed at the external 
side by two Arg residues and a cluster of 5 nega- 
tively charged glutamic acid residues (amino acids 
54-63). A second transmembrane region could be 
localized between residues 90 to 114 and precedes 
a cluster of basic residues (amino acids 119-128) 
located on the cytoplasmic side. A third membrane 
spanning region could be found between residues 
211-233, following the Arg-Arg dipeptide at position 
208. The latter region would contain two positive 
charges which might neutralize the two negatively 
charged residues present in the first or second 
transmembrane region. As a result of this configu- 
ration the TGF-jS polypeptide and its preceding 
Arg-Arg residue would be located on the external 
side of the membrane. This would make cleavage 
by a dibasic peptidase, localized at that side of the 
cell membrane 5 *' 53 possible and would in turn result 
in the release of TGF-£ in the extracellular milieu. 
This postulated structure of the TGF-£ precursor 
probably implies* that similariy to human 
rhodopsin 55 and the major intrinsic protein of the 
lens fiber membrane 57 , not all potential N- 
glycosylation sites carry carbohydrate moieties. It 
should be recognized that the foregoing model is 
hypothetical and in no way should be construed as 
limiting the scope of this invention. 

For the purposes herein, preTGF-£ is defined 
as the normal TGF-0 precursor depicted in Fig. 1 
as well as other precursor forms of TGF-£ in which 
the p resequence is not that normally associated 
with TGF-£. These latter forms are to be consid- 
ered insertionai mutants of DNA encoding mature 



TGF-£. These mutants ordinarily comprise a 
presequence which is heterologous to TGF-£ in the 
form of a fusion with mature TGF-0, The heterolo- 
gous p resequences preferably are obtained from 
s other secreted proteins, for example pregrowth hor- 
mone, preproinsuiin, virai envelope proteins, inter- 
ferons and yeast or bacterial presequences recog- 
nized by mammalian host ceils. The sequences for 
these secretory leaders are known, as are suitable 
io sources for DNA encoding same if it is not desired 
to synthesize the DNA in vftro . They are linked to 
DNA encoding mature TGF-£ by restriction en- 
zyme digestion of the DNA containing the desired 
signal and the preTGF-£ DNA. Synthetic 
75 oligonucleotides are prepared in order to introduce 
unique restriction sites (linkers) and, if necessary, 
DNA fragments needed to complete any 
presequence and mature TGF-£ coding regions 
removed during restriction enzyme digestion. The 
20 synthesized linkers and/or fragments then are Rgat- 
ed to the restriction enzyme digest fragments con- 
taining the substitute signal and TGF-/S coding re- 
gion, inserted into a cloning vector and the- vector 
used to transform bacterial hosts. The mutant 
25 presequence thereafter is cloned into an expres- 
sion vector and used to transform host ceils. An' 
illustrative example employing a viral envelope pro- 
tein presequence is described below. 

Optimally, the complete heterologous 
30 presequence is linked to the first codon of TGF-£ 
although it is within the scope herein to link the 
mature TGF-£ coding sequence to the complete 
heterologous presequence plus a short portion, e.g. 
21 to 45 base pairs, originating from the DNA 
35 encoding the mature heterologous protein. The ob- 
jective of these constructions is to substitute a high 
efficiency secretory system for the postulated sys- 
tem of preTGF-#. However, it is by no means 
necessary to secrete TGF-/S in order to produce ft 
40 in recombinant culture. 

Other deletion-insertion mutants include linking 
mature TGF-jS species to virai proteins expressed 
in large intracellular quantities, e.g. retroviral core 
proteins, large T antigen from SV40 and the like, or 
45 to immunogenic bacterial proteins or polypeptides 
such as chemotactic polypeptides, in particular the 
potent chemotactic tripeptide Met-Leu-Phe-. 

Expressed mutant preTGF-£, mature TGF-jS or 
fragments thereof will exhibit amino acid se- 
so quences that gradually depart from the Fig. 1 se- 
quence as the number and scope of insertions, 
deletions and substitutions increases. This depar- 
ture is measured as a reduction in homology be- 
tween preTGF-j9 and the mutant. All proteins or 
55 polypeptides that display TGF-£ anchorage inde- 
pendent growth-promoting biological activity are in- 
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eluded within the scope of this invention, regard- 
less of the degree of homology that they show to 
the Fig. 1 protein. The reason for this is that some 
regions of preTGF-£, e.g. the presequence, are 
readily mutated, or even completely deleted as in 
the case of mature TGF-£, and this biological activ- 
ity will be retained. On the other hand, deletion of 
the nine cysteine residues (and accompanying di- 
sulfide linkages) in the mature TGF-£ molecule will 
have a substantial adverse impact on this biological 
activity and in all likelihood would completely ab- 
rogate biological activity. In addition, a substitution 
mutant may exhibit full TGF-£ growth-promoting 
activity and yet be less homologous if residues 
containing functionally similar amino acid side 
chains are substituted. Functionally similar refers to 
dominant characteristics of the side chains such as 
hydrophobic, basic, neutral or acidic, or the pres- 
ence or absence of steric bulk. Thus the degree of 
homology that a given polypeptide bears to 
preTGF-£ is not the principal measure of its iden- 
tity as TGF-£. However, as a general guide, pro- 
teins or polypeptides that share 'at least some 
biological activity with mature TGF-# from natural 
sources and which are substantially homologous 
with the Fig. 1b sequence, e.g. being about from 
40 percent to 100 percent homologous with 
preTGF-0 or any fragment thereof greater than 
about 20 residues, are to be considered as falling 
within the scope of the term TG F-/8. With respect 
to neoplastic cell growth inhibiting activity, TGF-/S 
excludes polypeptides known heretofore to exert 
such growth inhibitory activity, e.g. interferons, tu- 
mor necrosis factor and lymphotoxin, but otherwise 
need not necessarily have homologous regions 
with the Fig. 1b sequences. 

More narrow and specific factors in establish- 
ing the identity of a polypeptide as TGF-jS are (a) 
the ability of antisera which are capable of substan- 
tially neutralizing the growth inhibitory or the an- 
chorage independent growth promoting activity of 
mature TGF-£ also to substantially neutralize the 
activity of the polypeptide in question, or the ability 
of (b) the candidate polypeptide to compete with 
TGF-£ for the TGF-£ cell surface receptor. How- 
ever, it will be recognized that immunological iden- 
tity and growth promoting identity are not nec- 
essarily coextensive. A neutralizing antibody for 
mature TGF-£ of Fig. 1b may not bind a candidate 
protein because the neutralizing antibody happens 
to not be directed to a site on TGF-jS that is critical 
for its growth promoting activity. Instead, the anti- 
body may bind an innocuous region and exert its 
neutralizing effect by steric hinderance. Therefore a 



candidate protein mutated in this innocuous region 
might no longer bind the neutralizing antibody, but 
it would nonetheless be TGF-£ in terms of substan- 
tial homology and biological activity. 
5 It is important to observe that characteristics 

such as molecular weight and the like for the native 
or wild type mature TGF-,6 of Fig. 1 b obtained from 
placenta or platelets are descriptive only for the 
native species of TGF-£. The mutants contem- 
pt? plated herein may vary the characteristics of native 
TGF-jS considerably, and this in fact may be the 
objective of the mutagenesis as is more fully de- 
scribed below. While TGF-£ as defined herein in- 
cludes native TGF-/9, other related biologically ac- 
75 five polypeptides will fall within the definition. TGF- 
£ species like the insertion mutants, deletion mut- 
ants, or fusion proteins described above will bring 
the mutant outside of the molecular weight estab- 
lished for native TGF-£. For example, fusion pro- 
20 terns with mature TGF-/3 or TGF-/3 itself will have a 
greater molecular weight than native, mature TGF- 
0, while deletion mutants of mature TGF-$ will 
have a lower molecular weight. Similarly, TGF-/S is 
engineered in order to introduce glycosylation" 
25 sites, thereby resulting in glycosylated TGF-0, or to 
substitute serine, for cysteine at sites not critical for 
biological activity. Finally, post-translational pro- 
cessing of human preTGF-£ in cell lines derived 
from nonprimate mammals may produce micro- 
30 heterogeneity in the amino terminal region of ma- 
ture TGF-jS, so that alanine will no longer be the 
amino terminal amino acid. 

Note that the language "capable" of inducing 
anchorage independent growth in the definition for 
35 biological activity means that the preTGF-£ or frag- 
ments thereof includes polypeptides which can be 
converted, as by enzymatic polypeptide fragment 
which exhibits the desired biological activity. Typi- 
cally, inactive precursors will be fusion proteins in 
40 which mature TGF-£ is linked by a peptide bond at 
its carboxyl terminus to an insoluble or gelatinous 
protein. The sequence at or within the region of 
this peptide bond is selected so as to be suscept- 
ible to proteolytic hydrolysis whereby TGF-0 is 
45 released, either in vivo for in situ generation or, as 
part of a manufacturing protocol, in vitro . 

-While TGF-jS ordinarily means human TGF-jS, 
TG F- 0 from sources such as murine, porcine, 
equine or bovine is included within the definition of 
50 TGF-jS so long as it otherwise meets the standards 
described above for biological activity. TGF-£ is 
not species specific, e.g., murine and human TGF- 
j9 are both effective in inducing anchorage inde- 
pendent growth of the same cell line. Therefore, 
55 TGF-/3.from one species can be used in therapy of 
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another species. DNA encoding the TGF-£ of other 
species is obtained by probing cDNA or genomic 
libraries from such species with labelled human 
preTGF-£ cDNA. 

Derivatives of TGF-jS are included within the 
scope of this invention. Derivatives include 
glycosylated and covaient or aggregatvte conju- 
gates with other TGF-£ molecules, dimers or un- 
related chemicai moieties. Covaient derivatives are 
prepared by linkage of functionalities to groups 
which are found in the TGF-jS amino acid chains or 
at the N-or C-termini, by means known in the art. 
These derivatives may, for example, include: al- 
iphatic or acyl esters or amides of the carboxyl 
terminus alkyiamines or residues containing car- 
boxyi side chains, e.g., conjugates to alkyiamines 
at aspartic acid residues; O-acyl derivatives of 
hydroxy! group-containing residues and N-acyi de- 
rivatives of the amino terminal amino acid or 
amino-group containing residues, e.g. conjugates 
with fMet-Leu-Phe or immunogenic proteins and 
derivatives of the acyl groups are selected from the 
group of alkyl-moieties (including C3 to C1 0 normal 
alky I), thereby forming alkanoyi species, and car- 
bocylic or heterocyclic compounds, thereby for- 
ming aroyl species. The reactive groups preferably 
are difunctional compounds known per se for use 
in cross-linking proteins to insoluble matrices 
through reactive side groups. 

Covaient or aggregative derivatives are useful 
as reagents in immunoassay or for affinity purifica- 
tion procedures. For example, TGF-0 is insolubiiiz- 
ed by covaient bonding to cyanogen bromide-ac- 
tivated Sepharose by methods known per se or 
adsorbed to polyolefin surfaces (with or without 
glutaraldehyde cross-iinking) for use in the assay 
or purification of anti-TGF-£ antibodies or cell sur- 
face receptors- TGF-0 also is labelled with a de- 
tectable group, e.g., radioiodinated by the chlo- 
ramine *T procedure, covaJentiy bound to rare earth 
chelates or conjugated to another fluorescent moi- 
ety for use in diagnostic assays, especially for 
diagnosis of TGF-£ levels in biological samples by 
competitive-type immunoassays. 

Mutant TGF-£ generally is made by the pre- 
determined, i.e. site specific methods. The objec- 
tive of mutagenesis is to construct DNA that en- 
codes TGF-jS as defined above, i.e., TGF-0 which 
exhibits biological activity. 

While the mutation site is predetermined, it is 
unnecessary that the mutation per se be predeter- 
mined- For example, in order to optimize the per- 
formance of the mutants at a given position random 
mutagenesis is conducted at the target codon and 
the expressed TGF-jS mutants screened for optimal 



activity. Techniques for making substitution muta- 
tions at predetermined sites in DNA having a 
known sequence is well known, for example M13 
primer mutagenesis, 
5 TGF-jS mutagenesis is conducted by making 

amino acid insertions, usually on the order of about 
from 1 to 5 amino acid residues, or deletions of 
about from 1 to 10 residues. Substitutions, dele- 
tions, insertions or any subcombination may be 
70 combined to arrive at a final construct. As noted 
above, insertions include amino or carboxyKermi- 
nai fusions, e.g. with a hydrophobic or im- 
munogenic protein. The mutations in the DNA en- 
coding such mutations should not ultimately place 
is the sequence out of reading frame in an expression 
vector whereby the resulting protein is not biologh 
caliy active TGF-£. The mutations also preferably 
will not create complementary regions that couid 
produce translation-suppressing secondary mRNA 
20 structure. 

DNA which encodes TGF-£ is obtained by 
chemical synthesis, by screening reverse tran- 
scripts of mRNA from placental or other cells or by 
screening genomic libraries from eukaryotic cells. 
25 This DNA need not use the codons set forth in Rg. 
1b so long as the host ceil recognizes the codons 
which are used. DNA of this sort is as easily 
manufactured in vitro as the DNA of Rg. 1b. Also 
useful herein is nucleic acid, either RNA or DNA, 
30 which does not encode TGF-/S thereof as defined 
herein but which nonetheless is capable of 
hybridizing with such DNA or RNA. Noncoding but 
hybridizing nucleic acid, while not used in the 
recombinant synthesis of TGF-jS, is useful as an 
35 intermediate for making labelled probes in diagnos- 
tic assays for TGF-/S mRNA or genomic DNA in 
test cells. 

Diagnostic nucleic acid is covaientiy labelled 
with a detectable substance such as a fluorescent 

40 group, a radioactive atom or a chemiluminescent 
group by methods known per se. It is then used in 
conventional Southern or Northern hybridization as- 
says. Such assays are employed in identifying 
TGF-£ vectors and transformants as described in 

45 the Examples infra , or for in vitro diagnosis such as 
detection of TGF-jS mRNA in tissues as a measure 
of mitogenic activity. 

TGF-£ is synthesized herein in host ceils trans- 
formed with vectors containing DNA encoding 

so TGF-£. A vector is a replicable nucleic acid con- 
struct. Vectors are used either to amplify and/or to 
express DNA which encodes TGF-£, or to amplify 
DNA that hybridizes with DNA or RNA encoding 
TGF-£. An expression vector is a replicable DNA 

55 construct in which a DNA sequence encoding TGF- 
jS is operabfy linked to suitable control sequences 
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capable of effecting the expression of TGF-/3 in a 
suitable host. Such controf sequences include a 
transcriptional promoter, an optional operator se- 
quence to control transcription, a sequence encod- 
ing suitable mRNA ribosomal binding sites, and s 
sequences which control termination of transcrip- 
tion and translation. For expression of TGF-0 in 
eukaryotic ceils the vector also should include DNA 
encoding a, selection gene. However, the selection 
gene can be supplied by an unlinked plasmid in 10 
cotransformation. 

Vectors comprise plasmids, viruses (including 
phage), and integratable DNA fragments i.e., frag- 
ments that are integratable into the host genome 
by recombination. In the present specification, the 75 
vector is a plasmid in the sense that it is cloned in 
bacteria! ells, but it integrates into the host ceil 
genome upon cotransformation. However, all other 
forms of vectors which serve an equivalent function 
and which are t or become, known in the art are 20 
suitable for use herein. Suitable vectors will contain 
replicon and control sequences which are derived 
from species compatible with the intended expres- 
sion host. 

DNA regions are operabiy linked when they are 2s 
functionally related to each other. For example, 
DNA for a presequence or secretory leader is op- 
erabiy linked to DNA for a polypeptide if it is 
expressed as a preprotein which participates in the 
secretion of the polypeptide; a promoter is op- 30 
erably linked to a coding sequence if it controls the 
transcription of the sequence; or a ribosome bind- 
ing site is operabiy linked to a coding sequence if 
it is positioned so as to permit translation. Gen- 
erally, operabiy linked means contiguous and, in 35 
the case of secretory leaders, contiguous and in 
reading phase. 

Cultures of cells derived from multicellular or- 
ganisms are the preferred host cells herein. In 
principal, any higher eukaryotic ceil culture is work- 40 
able, whether from vertebrate or invertebrate cul- 
ture. However, interest has been greatest in verte- 
brate cells, and propagation of vertebrate cells in 
culture £er se has become a routine procedure in 
recent years [Tissue Culture . Academic Press, 45 
Kruse and Patterson, editors (1973)]. Examples of 
useful host cell fines are VERO and HeLa cells, 
Chinese hamster ovary (CHO) cell lines, and WI38, 
BHK, COS-7 and MDCK ceil lines. 

Many eukaryotic cells are known to synthesize 50 
endogenous TGF-jS. Thus, many potential host 
cells synthesize TGF-/9 of the host species. This 
TGF-jS therefore is present in the TG F-jS produced 
by transcription and translation of the transforming 
DNA. For example, hamster TGF- ^-transforming 55 
CHO ceils, and thus is present in cell extracts 



containing human TGF-/3 harvested from such 
ceils. While this is not necessarily disadvantageous 
because animal and human TGF-£ is active cross- 
species, it would be desirable to produce human 
TGF-£ which contains as little of the animal ma- 
terial as possible. This is accomplished by (a) 
selecting host animal cell lines that synthesize as 
little of the animal TGF-0 as possible, (b) trans- 
forming the animal cell line with a vector for high 
efficiency TGF-£ secretion (described above) and 
recovering human TGF-0 from the culture medium 
or (c) transforming a human cell line, whereby any 
endogenous hTGF-£ will be an advantage -rather 
than a contaminant. 

Expression vectors for such cells ordinarily in- 
clude an origin of replication (for extrachromosomai 
amplification), a promoter located upstream from 
the TGF-£ coding sequences, along with a ribo- 
some binding site, RNA splice site (if intron-con- 
taining TGF-0-encoding genomic DNA is used), a 
polyadenyiation site, and a transcriptional termina- 
tion sequence. 

The transcriptional and transiational control se- 
quences in expression vectors to be used in trans-" 
forming vertebrate cells preferably are provided 
from viral sources. For example, commonly used 
promoters are derived from polyoma, Adenovirus 2, 
and most preferably Simian Virus 40 (SV40). The 
early and late promoters of SV40 are particularly 
useful because both are obtained easily from the 
virus as a fragment which also contains the SV40 
viral origin of replication (Fiers et at., 1978, 
"Nature", 273: 113). Smaller or larger SV40 frag- 
ments may also be used, provided the approxi- 
mately 250 bp sequence extending from the Hind 
HI site toward the Bgl I site located in the viral 
origin of replication is included. Further, it is also 
possible to utilize the human TGF-/3 genomic pro- 
moter, control and/or signal sequences normally 
associated with TGF-£, provided such control se- 
quences are compatible with and recognized by 
the host cell. 

An origin of replication may be provided either 
by construction of the vector to include an exoge- 
nous origin, such as may be derived from SV40 or 
other viral (e.g. Polyoma, Adenovirus, VSV, or 
BPV) source, or may be provided by the host ceil 
chromosomal replication mechanism. If the vector 
is integrated into the host ceil chromosome, the 
latter is often sufficient. 

Rather than using vectors which contain viral 
origins of replication, one can transform mamma- 
lian cells by the method of cotransformation with a 
selectable marker and the TGF-£ DNA. An exam- 
pie of a suitable selectable marker is dihydrofolate 
reductase (DHFR) or thymidine kinase. Such mark- 
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ers are proteins, generally enzymes that enable the 
identification of transforrnant cells, i.e., cells which 
had been competent to take up exogenous DNA. 
Generally, identification is by survival of transfor- 
mants in culture medium that is toxic or from which s 
the ceils cannot obtain critical nutrition without hav- 
ing taken up the marker protein. In selecting a 
preferred host mammalian cell for transfection by 
vectors which comprise DNA sequences encoding 
both TGF-£ and DHFR, it is appropriate to select ro 
the host according to the type of DHFR protein 
employed. If wild type DHFR protein is employed, 
it is preferable to select a host cell which is defi- 
cient in DHFR thus permitting the use of the DHFR 
coding sequence as a marker for successful trans- is 
fection in selective medium which lacks hypoxan- 
thine, glycine, and thymidine. An appropriate host 
cell in this case is the Chinese hamster ovary - 
(CHO) ceil line deficient in DHFR activity, prepared 
and propagated as described by Uriaub and 20 
Chasin, 1980, "Proc. NatL Acad. Sci. w (USA) 77: 
4216. 

On the other hand, if DNA encoding DHFR 
protein with low binding affinity for methotrexate - 
(MTX) is used as the controiiing sequence, it is not 25 
necessary to use DHFR resistant cells. Because 
the mutant DHFR is resistant to MTX, MTX con- 
taining media can be used as a means of selection 
provided that the host cells are themselves MTX 
sensitive. Most eukaryotic ceils which are capable 30 
of absorbing MTX appear to be methotrexate sen- 
sitive. One such useful cell line is a CHO line, 
CHO-K1 (ATCC No. CCL 61). 

Other methods suitable for adaptation to the 
synthesis of TGF-£ in recombinant vertebrate cell 35 
culture are described in M-J. Gething et ah, 
"Nature" 293:620625 (1981); N. Mantei et aJL, 
"Nature" 281 :4Q-46: A. Levinson et aL, EP 
11 7,060 A and 117.058A. 

TGF-/S is recovered from iysed, transformed 40 
cells and soluble cell debris separated by cen- 
trifugation. Alternatively, the culture supernatants 
from transformed cells that secrete TGF-£ are sim- 
ply separated from the ceils by centrifugation. 
Then the TGF~£ generally is purified by methods 45 
known in the art 15 ' 18 ' 17 using gel filtration in the 
presence of acid followed by HPLC and elution on 
an acetonitrile gradient. Such methods are not nec- 
essarily coextensive with the purification required 
for a therapeutic product. so 

As a further or substitute purification step, cell 
I y sates or supernatants are heated for a period and 
at a temperature sufficient to denature and 
precipitate contaminant proteins but not TGF-jS; 
TGF-£ is a remarkably heat stable protein, perhaps 55 
as a result of extensive disulfide bond formation. 



As a result, the heating should be conducted in a 
medium that contains low amounts of disulfide 
reagents such as dithiothreitol or the like. Heating 
also is combined with acidifcation since TGF-£ is 
known to be stable to 1 M acetic acid. 

Mature, native TGF-£ is not glycosylated. 
Therefore it is separate from any reskiual con- 
taminant heat-and acid-stable glycoproteins by ad- 
sorbing the glycoproteins on lectin columns such 
as lentil iecti'rHinked sepharose. This step, less 
desirably, can go before the heat and acid treat- 
ment. TGF~£ will elute with the unadsorbed frac- 
tion. 

If high purity product is desired the crude or 
partially purified mixture thereafter is subjected to 
chromotofocusing. 

TGF-^ is prepared for administration by mixing 
TGF-£ at the desired degree of purity with phys- 
iologically acceptable carriers, i.e., carriers which 
are nontoxic to recipients at the dosages and con- 
centrations employed. Ordinarily, this will entail 
combining TGF-£ with buffers, antioxidants such as 
ascorbic acid, low molecular weight (Jess than 
about 10 residues) polypeptides, proteins, amino 
acids, carbohydrates including glucose or dextrins, 
chelating agents such as EDTA, and other ex- 
cipients. TGF-£ for use in therapeutic administra- 
tion must be sterile. This is readily accomplished 
by filtration through sterile filtration (G.2 micron) 
membranes. TGF-£ ordinarily will be stored as an 
aqueous solution since it is highly stable to thermal 
and oxidative denaturation. 

Two types of application of TGF-£ composi- 
tions have been contemplated. 

The first and preferred, application is topical iy 
for the promotion of surface wound healing. There 
are no limitations as to the type of wound or other 
traumata that can be treated, and these include - 
(but are not limited to): first, second and third 
degree bums (especially second and third degree); 
epidermal and internal surgical incisions, including 
those of cosmetic surgery; wounds, including lacer- 
ations, incisions, and penetrations; and surface ul- 
cers including decubital (bed-sores), diabetic, den- 
tal, hemophiliac, and varicose. 

When TGF-£ compositions are applied to 
bums in the form of a sterile irrigant preferably in 
combination* with a physiological saline solution, or 
in the form of ointments or suspensions, preferably 
in combination with purified collagen. The composi- 
tions also may be impregnated into transdermal 
patches, plasters, and bandages, preferably in a 
liquid or semi-liquid form. Automicrobiai agents 
such as silver sulfadiazine should be included in 
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such articles or compositions. Debridement agents 
such as proteolytic enzymes also can be included 
if they do not hydrolyze TGF-$ or a hydrolysis- 
resistant TGF-/S mutant is employed. 

The second application is systemic administra- s 
tion for the healing of internal wounds and similar 
traumata. Such an application is useful provided 
that there are no, or limited, undesirable side- 
effects, such as the stimulation of neoplastic cel- 
lular growth in patients with cancer. TGF-£ comm* w- 
positions for systemic administration preferably are 
formulated as sterile, isotonic parenteral injections 
or infusions. 

TGF-0 optionally is combined with activating 
agents such as TGF-a, EGF or other growth fac- 75 
tors. The amount of activating agent present de- 
pends directly upon the amount of TGF-£ present 
in the activated compositions as administered to 
the recipient 

The amount of activated composition to be 20 
used will vary depending upon the growth factors 
selected and the clinical status of the patient. 

However, it can generally be stated that TGF-£ 
should preferably be present in an amount of at 
least about 1 .0 nanogram per milliliter of combined 25 
composition, more preferably in an amount up to 
about 1 .0 milligram per milliliter. Since TGF-tf com- 
positions both provoke and sustain cellular regen- 
eration, a continual application or periodic reap- 
plication of the compositions is indicated. 30 

In order to simplify the Examples certain fre- 
quently occurring methods will be referenced by 
shorthand phrases. 

Plasmids are designated by a low case p pre- 
ceded and/or followed by capital letters and/or 35 
numbers. The starting plasmids herein are com- 
mercially available, are publicly available on an 
unrestricted basis, or can be constructed from such 
available plasmids in accord with published proce- 
dures. In addition, other equivalent plasmids are 40 
known in the art and will be apparent to the or- 
dinary artisan. 

"Digestion" of DNA refers to catalytic cleavage 
of the DNA with an enzyme that acts only at certain 
locations in the DNA. Such enzymes are called 45 
restriction enzymes, and the sites for which each is 
specific is called a restriction site. The various 
restriction enzymes used herein are commercially 
available and their reaction conditions, cofactors 
and other requirements as established by the en- so 
zyme suppliers were used. Restriction enzymes 
commoniy are designated by abbreviations com- 
posed of a capital letter followed by other letters 
representing the microorganism from which each 
restriction enzyme originally was obtained and then 55 
a number designating the particular enzyme. In 



general, about 1 ug of piasmid or DNA fragment is 
used with about 2 units of enzyme in about 20 uJ 
of buffer solution. Appropriate buffers and substrate 
amounts for particular restriction enzymes are 
specified by the manufacturer. Incubation times of 
about 1 hour at 37 °C are ordinarily used, but may 
vary in accordance with the supplier's instructions. 
After incubation, protein is removed by extraction 
with phenol and chloroform, and the digested nu- 
cleic acid is recovered from the aqueous fraction 
by precipitation with ethanol. Digestion with a re- 
striction enzyme infrequently is followed with bac- 
terial alkaline phosphatase hydrolysis of the termi- 
nal 5' phosphates to prevent the two restriction 
cleaved ends of a DNA fragment from 
"circularizing" or forming a closed joop that would 
impede insertion of another DNA fragment at the 
restriction site. -Unless otherwise stated, digestion 
of plasmids is not followed by 5 T terminal de- 
phosphorylation. Procedures and reagents for de- 
phosphorylation are conventional (T. Maniatis et al 
•1 1982, Molecular Cloning pp. 133-134). 

"Recovery" or "isolation" of a given fragment 
of DNA from a restriction digest means separation" 
of the digest on poly aery (amide or agarose gel by 
electrophoresis, identification of the fragment of 
interest by comparison of its mobility versus that of 
marker DNA fragments of known molecular weight, 
removal of the gel section containing the desired 
fragment, and separation of the gel from DNA. This 
procedure is knov/r generally. For example, see R. 
Lawn et al., 1981, "Nucleic Acids Res. "9: 6103- 
6114, and D. Goeddei et aj ., 1980, "Nucleic Acids 
Res." 8: 4057. 

"Southern Analysis" -is a method by which the 
presence of DNA sequences in a digest or DNA- 
containing composition is confirmed by hybridiza- 
tion to a known, labelled oligonucleotide or DNA 
fragment. For the purposes herein, unless other- 
wise provided, Southern analysis shall mean sepa- 
ration of digests on 1 percent agarose, denaturation 
and transfer to nitrocellulose by the method of E. 
Southern, 1975, "J. Mol. Biol." §8: 503-517, and 
hybridization as described by T. Maniatis et al., 
1978, "CelP 15: 687-701. 

"Transformation" means introducing DNA into 
an -organism so that the DNA is repiicable, either as 

an extrachromosomal element or chromosomal in- 

♦ 

tegrant. Unless otherwise provided, the method 
used herein for transformation of E coH is the 
CaCl 2 method of Mandel et ah, 1970, "J. Mol. Biol." 
53: 154. 

"Ligation" refers to the process of forming 
phosphodiester bonds between two double strand- 
ed nucleic acid fragments (T. Maniatis et al., Id., p. 
146). Unless otherwise provided, iigation may be 
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accomplished using known buffers and conditions 
with 10 units of T4 DNA iigase Cligase") per 0.5 
ug of approximately equimolar amounts of the 
DNA fragments to be ii gated. 

"Preparation" of DNA from transformants s 
means isolating piasmid DNA from microbial cul- 
ture. Unless otherwise provided, the aJkaiine/SDS 
method of Maniatis et aL f id. p. 90., may be used. 

"Oligonucleotides * are short ^ngth single or 
double stranded polydeoxynucleotides which are 10 
chemically synthesized by known methods and 
then purified on poiyacrylamide geis. 

All literature citations are expressly incorpo- 
rated by reference. 

75 

Example 1 



Purification and Sequence Analysis of Human TGF- 

0 20 

The known purification method of Assoian et 
af. 15 was scaled up and modified to obtain enough 
homogeneously pure human TGF-£ for amino acid 
sequencing. 250 units of human platelets were 25 
extracted in a Waring blender with 1 I of acid- 
ethanof. Addition of 4 ! of ether gave rise to a 
precipitate which was collected by vacuum filtration 
ove' Whatman No. 1 paper. The precipitate was 
dissolved overnight in 50 ml of 1M acetic acid and 30 
purified by gel filtration on a Biogel P-60 column - 
(10x100 cm), equilibrated in 1M acetic acid. The 
fractions containing TGF-/S were identified by ana- 
lytical SDS-polyacryiamide gel electrophoresis and 
bioassay*. Peak fractions were pooled, freeze- 35 
dried and redissolved in 20 ml 1M acetic acid, 8M 
urea. Subsequent gel filtration over a Biogel P-60 
column (5x90 cm) in 1M acetic acid, SM urea 
yielded about 50 percent pure TGF-£. These peak 
fractions were then diluted with 1 volume of water 40 
and applied to a semipreparative RPP C18 - 
(Synchropak) HPLC column in 0.1 percent 
trifluoroacetic acid and eiuted with a 20-50 percent 
acetonitrile gradient. The TGF-£ thus obtained was 
quantitated by amino acid analysis, showing a yield 45 
of about 0.5 mg per preparation. Denaturing SDS- 
polyacryfamide gel electrophoresis was performed 
as described 60 . In agreement with previous work the 
non-reduced TGF-jS migrated as a 25 kD protein in 
a SDS-polyacryiamide gel, whiie reduction with 50 
mercaptoethanoi converted it into a 12.5 kD spe- 
cies- This suggested that TGF-£ consists of two 
12.5 kd polypeptide chains finked by intermolecular 
disulfide bridges 15 . 



in order to obtain protein sequence information, 
the purified TGF-/S was reduced, alkylated and 
subjected to ammo-terminal sequence analysis. 1 2. 
nmole of TGF~£ was diaiyzed into 8M urea and 
reduced by incubation in 0.1 M Tris-HCl (pH 8.5), 
10 mM dithiothreitol, 8M urea. Subsequent aikyla- 
tion took place in the presence of 50 mM 
iodoacetate at room temperature in the dark. This 
reaction was terminated after 30 min. by addition of 
an excess ^-mercaptoethanoi and dialysis. 0.7 
nmole of this TGF-£ was used for the direct NH 2 - 
terminai sequence analysis. 1.2 nmole of reduced 
and alkylated TGF-jS was digested in 0.75 M urea, 
50 mM NHiHCOs, 5mM dithiothreitol for 24 hours 
with 1 percent clostripain 15 . An additional 1 percent 
of clostripain was added after 12 hours reaction 
time. The reaction products were separated on a 
Synchropak RPP C18 reverse phase column (4.6 x 
250 mm) with a 0-70 percent acetonitril gradient in 
0.1 percent trifluoroacetic acid. Sequence deter- 
mination took place using either an extensively 
modified Beck man 890 C spinning cup sequencer 51 
or a vapor phase sequencer as described by 
Hewick et (Applied Biosystems, model 470A), 
with amino acid derivative identification by re- 
versed phase HPLC on a Rainin Microsorb C-8 
column. The amino acid sequence of several pep- 
tides was determined. One of these fragments was 
the NH^-terminai segment, while another large pep- 
tide yielded a 37 amino acid sequence which over- 
lapped the NH 2 -terminal sequence and established 
60 residues of contiguous sequence. 

Unmodified TGF-£ was also treated with CNBr, 
Cleavage at the methionine residue resulted in the 
complete loss of biological activity, documenting 
that at least part of this C-terminal octapeptide is 
needed for biological activity (data not shown). 

Example 2 

Isolation of a TGF-£ Exon 

The approach we followed for the identification 
of the nucleotide sequence encoding TGF-£ was 
similar to the strategy used previously for TGF-a T . 
Long oligonucleotides designed on the basis of the 
partial protein sequence were used as hybridization 
probes for the identification of a TGF-j3 exon in a 
human genomic DNA library. The TGF-£ exon was 
then used as a probe for the isolation of TGF-£ 
cDNAs. 

Two 44-base-long deoxy oligonucleotides, #LP1 
and iSLP2 f complementary to sequences coding for 
amino acids 3 to 17 and 30 to 44, respectively, 
were chemically synthesized 657 ". The choice of 
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nucleotide sequence was based upon the codon 
bias observed in human rnRNAs 2 *. CpG 
dinucleotides, which are relatively rare in vertebrate 
DNA 27 , were avoided whenever possible. In addi- 
tion, sixteen 14-mers were synthesized which are 



complementary to ail possible codons for amino 
acids 13 to 17. These deoxyoligonucleotides and 
the corresponding amino acid sequence are shown 
below. 



NH2-A1 aLeuAspThrAsnTyrCysPheSerSerThrGl uLysAsnCysCysValArgGl uLeuTyr 
CTGTGGTTGATAACGAAGAGGAGGTGTCTCTTCTTGACGACGCA 5 ' 



ttCtt g ac g ac g ca 

T A A A 



LeuGlyTrpLysTrpIleHisGluProLysGlyTyrHi sAl aAsnPheCysLeuGlyProCysProTyr 
ACCTTCACCTAGGTACTCGGTTTCCCGATAGTACGGTTGAAGAC 5 ' 



The nucleotides marked with a dot are residues 
for which there is no ambiguity in the codon, 

A human genomic DNA library 28 was screened 
under low stringency hybridization conditions using 
^P-labelied £LP-1 as probe. Approximately 7.5 x 
10 s recombinant phage from a human genomic 
fetal liver library 28 were hybridized using low strin- 
gency conditions 65 with the ^P-labelled 44-mer &LP 
-1 after replica plating onto nitrocellulose filters 66 . 
DNA was prepared from 58 of the hybridizing 
phage and hybridized with the "P-labelled /JLP-1 
and 0LP-2 oligonucleotides using the "dot blot" 
analysis method 67 and Southern hybridization 68 of 
Sam HI digestion mixtures. The two phage DNAs 
which hybridized with both oligonucleotides were 
digested and probed with the pool of ^P-labelled 
14-mers again by Southern hybridization. 14-mer 
hybridizations were performed at 37 °C in 6xSSC, 
0.5 percent NP40, 6mM EDTA, 1X Denhart's solu- 
tion and 50 ug/ml salmon sperm DNA. Several 
washes were performed at room temperature in 
6xSSC before autoradiography. DNA from phage 
£\58 hybridized with the oligonucleotides /SLP-1, 
/3LP-2 and with the 14-mer pool. The sequences 
hybridizing to /5LP-2 and the 14-mers were lo- 
calized within the same 4.2 kbp Sam HI fragment 
while probe jSLP-1 hybridized to a 20 kb Bam HI 
fragment. The hybridizing Bam HI fragments were 
subcloned into pBR322. The nucleotide sequence 
of smaller hybridizing fragments was determined 
by dtdeoxynucieotide chain termination method 69 
after subcloning into M13 derivatives 70 . 



The screening of the genomic DNA library re- 
sulted in the isolation of an exon coding only part 
of the TGF-/5 coding sequence (residues 10 to 60, 
Fig. 3). In order to obtain the entire TGF-£ coding 
sequence, this exon was used as a probe to screen 
a \gt10 based cDNA library derived from human 
term placenta mRNA. 

Example 3 



Isolation of TGF-jS cDNAs 

Total RNA was extracted 71 from the different 
cell sources and the polyadenylated mRNA fraction 
was isolated by oligo(dT)-celiuiose 
chromatography 72 . The cDNA was prepared 73 by 
priming with dT 12 . 18 or the deoxyofigonucleotide AC- 
ACGGGTTCAGGTAC (compiementary to 
nucleotides 1270 to 1286). The double-stranded 
cDNA was treated with nuclease S1 (Miles Labora- 
tories) followed by E. coji DNA polymerase I 
Klenow fragment (Boehringer Mannheim) and sub- 
cloned into Eco RI cleaved \gtl0 as described", 
except that asymmetric EcoRI linkers 75 were used, 
thus avoiding the need for the Eco RI methylase 
treatment. The recombinant phage were plated on 
£• ££iL C&QQ Hfi 74 and replica plated onto nitrocel- 
lulose filters 66 . These were hybridized with 32 P- 
iabelled 76 specific restriction fragments at 42 °C in 
50 percent formamide, 5x SSC, 50 mM sodium 
phosphate pH 6.8, 0.1 percent sodium 
pyrophosphate, 5x Denhardt's solution, 50 tig/mi 
salmon sperm DNA and washed in 0.2x SSC, 0.1 
percent SDS at the same temperature. Low strin- 
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gency hybridization conditions 65 were used in the 
case of the ^P-labelied deoxyoiigonucieotides. Tne 
nucleotide sequence of the TGF-jS cDNA restriction 
fragments was determined by the dideox- 
yoiigonucieotide chain termination method 69 after s 
subcloning into M13 phage derivatives 70 . The 
cDNAs obtained are schematically shown in Fig. 
la. X£Ci was isolated from a human placenta 
cDNA library using the genomic axon Fig. 3) as 
probe. The screening of approximately 750,000 10 
oligo-dT primed placenta cDNA clones resulted in 
the isolation of one TGF-£ cDNA (Xj8C1) of about 
1,050 bp. The previously determined partial TGF-/S 
sequence established the reading frame and re- 
vealed the sequence coding for the complete TGF- is 
& polypeptide. This sequence begins with the NH 2 - 
terminal alanine residue and is followed 112 
codons later by a stop codon, only 20 base pairs 
from the 3' end. The X£C1 Eco Rl cDNA insert was 
used in turn to screen the A172 glioblastoma cDNA 20 
library leading to the isolation of X0C3.19. Screen- 
ing of a specifically primed HT1080 fibrosarcoma 
cDNA library with the ^P-labeiled Koni-Kpnl and 
the upstream Eco Rl- Kpn l fragment of the X£C3.19 
cDNA insert yielded X0C4.1G, 4.33 and 4.37. An- 25 
other similar library was screened with the X0C4.33 
insert and a synthetic 40-mer corresponding to 
necleotides 1-40, leading to the isolation of 
X£C5.7b. 

None of more than seventy TGF-£ cDNAs iso- 30 
lated from different oiigo(d"i>primed cDNA libraries 
contained more than a few nucleotides of 3' untran- 
slated regions, the 3' untranslated sequence was 
determined using cloned genomic DNA. Hybridiza- 
tion analysis showed that the 3* end of the X£C1 35 
cDNA insert was present in the genomic DNA 
phage £X58. DNA sequence analysis revealed the 
presence of an exon coding for the carboxy termi- 
nal part of TGF-jS, followed by the stop codon and 
the 3' untranslated end (Fig. 1b). An AATAAA hex- 40 
anucleotide sequence 32 was encountered 500 bp 
downstream from the termination codon, thus per- 
mitting an assignment of the putative poiy adenyla- 
te n site. Assuming this is indeed the polyadenyla- 
tion signal, the calculated size of TGF-0 mRNA is 45 
in close agreement with the 2.3 to 2.5 kb length, 
determined from the Northern hybridization experi- 
ments (Example 4). Additional screening of oiigo- 
(dT)-primed placenta and HT1080 cDNA libraries 
using the genomic DNA probe for the 3* untran- so 
slated end did not identify a singfe hybridizing 
cDNA phage. 

Example 4 

55 



Diagnostic Method Using TGF-£ cDNA Probes 

Polyadeny fated RNA was recovered from the 
hepatoma HEP-G2, Wilms tumor TuWi, 
glioblastoma A172, bladder carcinoma T24, squam- 
ous epidermoid carcinoma A431, mammary car- 
cinoma MCF-7, nasopharyngeal carcinoma KB, 
fibrosarcoma HT1080, Burkitt lymphoma B-fym- 
phoblasts Daudi and Raji, T-lymphoblast Moit-4. 
Peripheral bfood lymphocytes were prepared and 
mitogerHnduced with staphylococcal enterotoxin B 
and phorboi myristate as described 53 . RNA was 
harvested in this case after 24 hours. 4 y.g of 
polyadenylated mRNA was electrophoresed into 
formaldehyde- 1 .2 percent agarose gel 29 and blotted 
onto nitrocellulose filters 30 . The ^-labelled 75 EcoRl 
cDNA insert of X£C1 was used as probe under 
high stringency conditions used above. Compari- 
son with the position of the 28S and 18S rRNA on 
the gel suggests a length of 2.3-2.5 kb for the TGF- 
0 mRNA. In some cases a smaller mRNA species 
may be present, although partial degradation of the 
mRNA cannot be excluded. 

TGF-0 mRNA was detectable in all human 
tumor cell lines including tumor cells of neuroec- 
todermal origin, such as TuWl (Wilms Tumor) and 
A172 (glioblastoma), and the carcinoma cell fines 
T24 bladder carcinoma, A431 (squamous epider- 
moid carcinoma), MCF-7 (mammary carcinoma) 
and KB (nasopharyngeal carcinoma). HT1080, a 
fibrosarcoma derived cell line, which we had cho- 
sen as a source of mRNA for the cDNA cloning, 
contained relatively high levels of TGF-£ mRNA. 
TGF-£ mRNA was not- only present in ceil lines 
derived from solid tumors of meso-, endo-and ec- 
toblastic origin, but was also detectable in tumor 
cell lines of hematopoietic origin, e.g. Daudi (Burkitt 
lymphoma B-(ymphoblast), Raji (Burkitt lymphoma 
B-lympho blast), and Molt-4 (T-cetf leukemia). The 
presence of TGF-£ mRNA is not restricted to tu- 
mor cells, since it is clearly detectable in placenta 
and peripheral blood lymphocyte (PBL) mRNA. 
Strikingly, the level of TGF-jS mRNA is significantly 
elevated after mitogenic stimulation of PBLs. TGF- 
& mRNA was not detectable in human liver, yet 
was present in the HEP-G2 hepatoma ceil line. In 
all cases, the TGF-j9 mRNA migrated as a species 
of an apparent length of 2.3 to 2.5 kbases. In some 
cases a smaller mRNA species of about 1.8 to 1.9 
kb may be present although this could be due to 
partial degradation of the mRNA. 

Example 5 
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Recombinant Synthesis of TGF-/3 

The piasmid used for recombinant synthesis of 
TGF-/3 was pMBTE6. Following is a prophetic 
method for making this piasmid that is a variant 5 
method preferred over the more complex method 
actually employed in its construction. 

p342E 79 is digested with Eco Rl, blunted with EL 
colj DNA polymerase I (Klenow fragment) and the 
four dNTPs, digested with Sail and Fragment 1 - ro 
(containing the Amp r gene of pBR322) recovered. 

p342E is simultaneously digested with Sail and 
Hindlil and the HBsAg-encoding fragment is recov- 
ered as Fragment 2. 



Finally, the SV40 genome is simultaneously 
digested with Hindlil and Hindi, and the 596 bp 
fragment containing the SV40 origin and early pro- 
moter recovered as Fragment 3. 

Fragments 1, 2 and 3 are ligated in a three 
way ligation and the ligation mixture transformed 
into E. £pji strain 294 (ATCC 31446). The trans- 
formed culture is plated on ampiciliin media plates 
and resistant colonies selected. p342E-blunt was 
recovered from a transformant colony. 

p342E blunt is digested simultaneously with 
Hindlil and Eco Rl and the large vector fragment 
recovered. This fragment is iigated to a polylinker 
having the following sequence 



EcoRl 

AAGCTTATCGATTCT A (a A A I I 



z 



Hindlil 



Clal 



and the ligation mixture used to transform E. coil 
ATCC 31446 as described above. pCVSV-HBs is 
recovered from an ampicillin-resistant transformant 

pCVSV-HBs is digested with Hind III and Eco Rl 
simultaneously and the vector fragment isolated - 
(the 18 bp Hindlll- Eco Rl fragment will not appear in 
the gel due to its small size). 

pgD-DHFR-Trunc (EP-A-0139417), a piasmid 
containing DNA encoding the herpes simplex gD 
protein, is simultaneously digested with Stul and 
Hindlil and the approximately 760 bp fragment 
recovered which contains DNA encoding the her- 
pes simplex signal peptide and the coding region 
for the N-terminal part of the mature HSV-1gD 
protein. Piasmid pJ2.9 from EP-A-0139417 can be 
used in the same fashion. 

P/SC1 (Fig. 1a) is digested with Sma l and 
Bam HI. and the 480 bp fragment recovered. This 
fragment contains most of the sequence coding for 
preTGF-£ including the sequence coding for the N- 
terminus of mature TGF-£ through residue 274. 

p£C1 is digested with Bam Ht and Eco Rl and 
the 270 bp fragment recovered. These two sepa- 
rate digestions of p0C1 aiiquots were conducted 
because the Bam HI- Eco Rt p#C1 fragment contains 
a Sma l site. The 270 bp fragment contains the 
sequence coding for the rest of the TGF-tf mol- 
ecule and extends 20 bp beyond the stop codon. 

The pCVSV-HBs vector fragment is iigated in a 
four way ligation with the foregoing 760, 270 and 
480 bp fragments. The resulting construction - 
(pCVSVgD) thus contained a hybrid coding se- 
quence (Herpes simplex gD-1 signal peptide and 
part of the gD-1 envelope protein iinked in frame to 
the the preTGF-/S precursor fragment) under the 



20 



25 



30 



35 



40 



45 



50 



Xbal 



control of the SV40 early promoter. This hybrid 
coding sequence is in turn followed by the 3' 
untranslated sequence and the polyadenylation sig- 
nal of the hepatitis surface antigen. 

pCVSVgD is digested with Eco RI T blunted with 
Klenow and the four dTNPs, and thereafter di- 
gested with Pst l. Two fragments are so obtained, 
with the fragment including the hybrid coding se- 
quence and the SV40 promoter (fragment A) being 
recovered. 

pCVSVgD is digested with Bam HI, blunted with 
Klenow and the four dTNPs, and thereafter di- 
gested with Pstl. Four fragments are obtained after 
these digestions. The fragment containing the 
pBR322 origin and Amp r gene (about 1900 bp) is 
recovered as Fragment B. 

Fragments A and B are ligated and the ligation 
mixture used to transform E. cojj ATCC 31,446. 
Piasmid pMBTES is recovered from an Amp r colo- 
ny. 

Piasmid pMBTE6 was transfected into DHFR 
deficient CHO ceils (Urlaub and Chasin, 1980, 
P.N.A.S. 77, 4216-4220) together with the piasmid 
pFD11 (Simonsen and Levinson, 1983, P.N.A.S. 80, 
2495-2499). The latter piasmid encodes DHFR, 
thereby conferring methotrexate resistance on the 
transfected cells and allowing for selection of TGF- 
£ expressing transformants. Any DHFR~ mamma- 
lian host cell is suitable for use. Alternativeiy, one 
can use any mammalian host cell, cotransform the 
host ceil with a piasmid encoding neomycin resis- 
tance, and identify transformants by their ability to 
grow in neomycin-containing medium. 
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The transfected CHO cells were selected by 
cuituring in HGT" medium. The ceils were allowed 
to grow to confiuency in 15 cm diameter plates. 
The cells thereafter were cultured in serum-free 
medium for 46 hrs prior to harvest. The culture 5 
medium was decanted from the plates and as- 
sayed in a soft agar assay for the presence of 
TGF-0 as described 7 *. 

50 mi supernatant medium was lyophilized and 
dissolved in 700 til 4mM HCI-0.1 percent bovine w 
serum albumin. 200 jitl of this solution and of serial 
three-foid dilutions were assayed. The number of 
colonies in soft agar with a diameter of >89 urn 
were counted. The maximal response (plateau-val- 
ue) obtained in the presence of saturating levels of 15 
TGF-jS was about 1500 per plate. Less than 50 
colonies were obtained in the absence .of TGF-/3. A 
half maximal response was obtained with a 9-fold 
dilution of the sample derived from the cells trans- 
formed with a negative control pi asm id. Calcula- 20 
Hons from the values obtained by serial dilution of 
the MBTE6 supernatant showed that the half maxi- 
mal value was obtained at a 70 fold dilution. 

The assays of serial dilutions show that cells 
transformed with MBTE6 and pFD11 synthesize 25 
about 8-10 times more TGF-£ per mi of medium 
than do CHO cells transfected with pFDH alone or 
with pFDH together with 2 control plasmid (one 
which was similar to pMBTES except that the Her- 
pes coding sequence is replaced by the sequence so 
coding for the bacterial STH signal peptide) , even 
prior to subcloning and selection in MTX-containing 
media. This additional amount of TGF-jS is human 
TGF-£. 

Since biologically active TGF-£ is found in the 35 
culture medium it is concluded that CHO ceils 
cleave preTGF-jS in the same fashion as do human 
ceJIs IP. vivo to secrete mature mature TGF-£. This 
conclusion is very much strengthened by the fact 
that the slope of the TGF-jS concentration dilution 40 
curve in the soft agar is identical for both the 
endogenous natural TGF-jS and the recombinant 
TGF-jS, thus reflecting a similar if not identical 
affinity for the TGF-£ receptor. 

45 
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Claims 

w 

1. A method comprising (a) constructing a vector 
which inciudes nucieic acid encoding TGF-tf, (b) 
transforming a host eukaryotic ceil with the vector, 

(c) culturing the transformed cell and (d) recovering 75 
TGF-/S from the culture. 

2. The method of claim 1 wherein the eukaryotic 
cell is a Chinese hamster ovary ceil line. 

20 

3. The method of claim 1 or claim 2 wherein the 
TGF-# is preTGF-£. 

4. The method of claim 3 wherein the preTGF-£ is 

a fusion of a virai secretory signal sequence and 25 
the sequence of mature TGF-0, 

5. The method of claim 4 wherein the nucleic acid 
encoding the preTGF-£ is operably linked to a virai 
promoter. 30 

6. The method of claim 5 wherein the promoter is 
an SV40 promoter. 

7. The method of claim 1 or claim 2 wherein the 35 
TGF-jS is mature TGF-$ recovered from the culture 
medium. 

8. DNA encoding TGF-,S which is free of one or 
more introns present in genomic DNA. 40 

9. Extrachromosomal DNA encoding TGF-£. 

10. mRNA encoding TGF-£ of a given species 
which is cell-free and free of mRNA encoding other 45 
proteins of the given species, 

11. The DNA of any one of claims 8 to 10 which is 
labelled with a detectable moiety. 

12. A repiicabie vector comprising DNA that en- 
codes TGF-j3. 

13. The vector of claim 12 wherein the DNA is free 

of introns. 55 



14. A host ceil containing the vector of claim 12 or 
claim 13. 

15. The cell of claim 14 which is a eukaryotic ceil. 

16. The cell of claim 14 which is a bacterial ceil. 
Claims for contracting state: AT 



1. A method comprising (a) constructing a vector 
which includes nucleic acid encoding TGF-£, (b) 
transforming a host eukaryotic cell with the vector, 
(c) culturing the transformed cell and (d) recovering 
TGF-£ from the culture. 

2. The method of claim 1 wherein the eukaryotic 
cell is a Chinese hamster ovary cell line. 

3. The method of claim 1 or claim 2 wherein the 
TGF-jS is preTGF-jS. 

4. The method of claim 3 wherein the preTGF-£ is 
a fusion of a viral secretory signal sequence and 
the sequence of mature TGF-/3. 

5. The method of claim 4 wherein the nucleic acid 
encoding the preTGF-£ is operably linked to a viral 
promoter. 

6. The method of claim 5 wherein the promoter is 
an SV40 promoter. 

7. The method of claim 1 or claim 2 wherein the 
TGF-jS is mature TGF-/3 recovered from the culture 
medium. 

8. A method comprising the production of DNA 
encoding TGF-# which is free of one or more 
introns present in genomic DNA. 

9. A method comprising the production of extrach- 
romosomal DNA encoding TGF-£. 

10. A method comprising the production of mRNA 
encoding TGF-£ of a given species which is cell- 
free and free of mRNA encoding other proteins of 
the" given species. 

11. A method of any one of claims 8 to 10 wherein 
the DNA is labelled with a detectable moiety. 

12. A method comprising the production of a re- 
piicabie vector comprising DNA that encodes TGF- 

13. A method of claim 12 wherein the DNA is free 



19 



37 



0 200 341 



38 



15. A method of claim 14 wherein the ceil is a 
eukaryotic ceil. 

16. A method of claim 14 wherein the cell is a 
5 bacterial cell- 

70 
75 
20 
25 
30 
35 
40 
45 
50 



of introns. 

14. A method which comprises the preparation of a 
host cell containing the vector of claim 12 or claim 
13. 
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